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ABSTRACT 

The LMC star, SSTISAGE1C J050756.44-703453.9, was first noticed during a survey of EROS-2 
lightcurves for stars with large irregular brightness variations typical of the R Coronae Borealis (RCB) 
class. However, the visible spectrum showing emission lines including the Balmer and Paschen series as 
well as many Fe II lines is emphatically not that of an RCB star. This star has all of the characteristics 
of a typical UX Ori star. It has a spectral type of approximately A2 and has excited an H II region 
in its vicinity. However, if it is an LMC member, then it is very luminous for a Herbig Ae/Be star. It 
shows irregular drops in brightness of up to 2 mag, and displays the reddening and "blueing" typical 
of this class of stars. Its spectrum, showing a combination of emission and absorption lines, is typical 
of a UX Ori star that is in a decline caused by obscuration from the circumstellar dust. SSTISAGE1C 
J050756. 44-703453. 9 has a strong IR excess and significant emission is present out to 500 /im. Monte 
Carlo radiative transfer modeling of the SED requires that SSTISAGE1C J050756.44-703453.9 has 
both a dusty disk as well as a large extended diffuse envelope to fit both the mid- and far-IR dust 
emission. This star is a new member of the UX Ori subclass of the Herbig Ae/Be stars and only the 
second such star to be discovered in the LMC. 
Subject headings: dust 



1. INTRODUCTION 

The Herbig Ae/Be stars are A or B stars with emis- 
sion line spectra located in dusty star forming regions 
and which a re typically ex citing a small emission neb- 
ula nearby (|Herbigl I1960T I . In addition, these stars 
generally show IR excesses due t o circumstellar dust 
and h ave luminosity classes III - V ((Waters fe Waelkensl 
119981) . The UX Ori subclass of the Herbig Ae/Be stars 
is characterized by sudden declines of up to 3 mag at 
V, a ssociated with increased extinction and polariza- 
tion {Waters & Waclkcns1 ll998[ ). These stars often show 
spectroscopic variability as well. All of these varia- 
tions have been ascribed to changes in a dusty disk 
viewed nearly edge-on. Suggested scenarios for the de- 
clines in brightness are infalling proto-cometary objects, 
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eclipses by optically thick clouds in an optically thin 
disk or self-shadowed flared dis ks ( Rod gers et al.l 120021 : 
Dullemond et al 112001 iGradv et aLlhoOOt IBertou¥2 000) . 
Natta fe Whitnevl (|2000D suggest that the disk doesn't 
have to be exactly edge-on but that declines can occur 
fo r a range of i n clinat ions . 

IHerbst et"aTJ ()1994D identify 18 Galactic stars that 
may belong to the UX Ori class. About half of 
the H erbig Ae/Be star s later than B9 are UX Ori 
stars (N atta et al.l 119971 ). A number of candidate pre- 
main-seque nce (PMS) stars have been identified in the 
LMC (e.g. iBeaulieu et al.l 119961 : i Brandner efaLl 120011: 
ISeale et al.ll2009D . Ide Wit et all (|2002J) found 21 LMC 
candidates after searching a sample of 80,000 variable 
stars in the EROS sample. These stars were picked as 
candidates because they were blue, had irregular bright- 
ness variations and hydrogen emission lines. The LMC 
stars seem to be more luminou s than their Galactic 
Herbig Ae/Be star counterparts (jBrandner et al.l 120011 : 
Ide Wit et all I2002D . One star in this sa mple, ELHC7 
displ ays the attributes of a UX Ori star (jLamers et al.l 
1999). It is the only star in the sample with a signif- 
icant NIR excess a nd irregular sharp brightness drops 
(|de Wit et al.ll2005h . ELHC7 also appears in the YSO 
candidate list developed by SAGE (Spitzer Survey of 
the Large Magellani c Cloud: Surveying t he Agents of a 
Galaxy's Evolution) (j Whitney et alj |2008L One of seven 
Herbig Ae/Be star candidates in t he SMC, ESHC7 h as 
also shown UX Ori characteristics ()de Wit et al.ll2003l ). 

The EROS-2 star, Im056-0K-21075 (also MACHO- 
9.4391.25), was found to be variable with irregular de- 
clines reminiscent of a n R Coronae Borealis (RCB) star 
(jTisserand et al.l 12009) . However, its visible spectrum 
is rich in hydrogen lines so this star is not a hydrogen- 
deficient RCB star. It is possibly the same emission-line 
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star ( No. 129) discovered in an Ha survey by iLindsavl 
(1963). This star also appears as No. 288 (SSTISAGE1C 
J050756.44 -703453.9) in the SA GE list of ~1000 YSO 
candidates (|Whitnev et al.l [20081. It was also identified 
as a YSO using data obtained by the HERschel Inven- 
tory of The Age nts of Galaxy Evol ution (HERITAGE) 
Legacy program (jSewilo et alJ[20Tot) . Hereafter, we will 
refer to this star as SAGE050756-703453. In this paper, 
we will argue that it is a UX Ori star which is also a 
member of the LMC. 

2. OBSERVATIONS AND DATA REDUCTION 

SAGE050756-703453 (2MASS J05075645-7034537) 
lies at RA = 05^ 07 m 56 !45, and Dec = -70° 34' 53"7 
(J2000; ICutri et al.ll2003l ). A finding chart is shown in 
Figure 1. 

Figure 2 shows the visible spectrum of SAGE050756- 
703453, obtained on J D 2454510.0 with th e Dual-Beam 
Spectrograph (DBS) (jRodgers et al.1 Il988l ) attached to 
the ANU 2.3m telesco pe at Siding Spring Observatory 
(|Tisserand et al.ll2009ft . The visible wavelength band is 
split by a dichroic at around 6000 A and feeds two spec- 
trographs, with red and blue optimized detectors. The 
full slit length is 6. '7. The spectrum has a 2-pixel resolu- 
tion of 2 A. The spectrum has been normalized. 

Figure 3 shows the lightcurve for SAGE050756-703453 
including data from both the MACHO and EROS-2 
projects. The MACHO V and R magnitu des have been 
trans formed to Johnson-Cousins V and R (|Alcock et al.1 
11999ft . The EROS-2 blue and red filters are very broad 
and not easily transformed. The B e Mid Re magnitude s 



TABLE 1 

SAGE050756-703453 Photometry 



are calibrated as described in iTisserand et al.l (2009) 



The bands are centered between V and R, and between 
R and I, respectively. The Be - Rb can be transforme d 
to Cousins V-I (=1.02(B B - R^) (|Beaulieu et al.lll99l . 

Figure 4 shows a montage of IR images of the 
SAGE050756-703453 field including Spitzer/MIPS 24 
/im, and the Herschel PACS 100 and 160 fj,m, and 
SPIRE, 250, 350, and 500 /xm images. The available 
photometry is summarized in Table 1. The star is 
clearly visible as a point source in the center of each 
fiel d. The UBVRI phot ometry is from iMassevI (|2002ft 
and lZaritskv et al.l (120041). The JHK photometry is from 
2MASS (jCutri et al.ll2003ft . Herschel data were obtained 
as part of the HERITAGE Science Demonstration Pro- 
gram. PACS (100 and 160 fj,m) and SPIRE (250, 350, 
and 500 Mm) fluxes were extr acted using aperture pho- 
tometry dMeixner et al.ll2010D . Apertures were roughly 
the size of the full-width half-maximum of the PSF and 
large sky apertures were chosen to avoid regions of high 
IR background. The aperture corrections for PACS and 
SPIRE were estimated using the currently available point 
spread functions (PSFs). To complement these data, we 
have re-examined the SAGE MIPS images (24, 70, and 
160 /im), with apertur e corrections from th e IRAC and 
MIPS data handbooks (|Meixner et al.ll2"006ft . The MIPS 
photometry was redone to ensure that the stellar and 
sky apertures matched those used for the Herschel im- 
ages but the resultin g photometry is cons istent with the 
SAGE photometry j Whitney et al.l [2008h . The SAGE 
photometry was used for the IRAC bands. We note 
that SAGE050756-703453 was not identified as an in- 
frared variable in the comparison of the two SAGE survey 
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a T here are two epochs of UBVRI photometry from IMassevI 12002!) 
and lZaritskv et al.1 l2004l) . 

epochs as there was n o significant differ ence between the 
two measured fluxes (|Viih et al.l 12001 ) . SAGE050756- 
703453 was not detected by IRAS. 

Figure 5 shows the spectral energy distribution (SED) 
of SAGE050756-703453. While Figure 5 gives a gen- 
eral idea of the SED, it should be remembered that 
it is a variable star and that the data from the var- 
ious instruments included were tak en at epochs that 
are often years apart. For instance, IMa sscv (2003) re- 
ports V= 16.00±0.05, B- V=0.55±0.05 U -B=0 05±0.07, 
V-R= 0.43±0.09, and IZaritskv et all (|200l reports 
V= 18.21±0.05, B-V=0.72±0.05, U-B=-0.27±0.07, V-I= 
2.25±0.09 for observations separated by several years. 

3. DISCUSSION 

The visible spectrum of SAGE050756-703453, plotted 
in Figure 2, shows P-Cygni profiles in the lower Balmer 
lines. The rest of the Balmer series is clearly visible in 
absorption. Other lines are mostly in emission including 
many Fe II lines in the 4500-5500 A region, the Ca II 
IR triplet, and the Paschen series. The blueshifted ab- 
sorption in Ha extends to ^450 km s _1 . There was no 
photometric coverage of the star when the spectrum was 
obtained, but it is very similar to a spectrum of the UX 
Ori star, RR Tau (spectral type A2), obtained on 1998 
Feb 14, when the star was i n a decline AV= 1 .7 mag 
below maximum brightness (Rodgcr s et al.l [27)02 i. The 
emission lines become visible in declines when the dust 
cloud eclipses the photosphere of the star but not the sur- 
rounding emission region. The line ratios of the Ca II IR 
triplet are close to 1:1:1 in both stars indicating that the 
gas is optically thick. The wings of the Balmer lines in 
RR Tau seem to be broader than those in SAGE050756- 
703453 possibly indicating th at RR Tau may be less lu- 
minous (Rod gers et al.ll2002ft . Another indication that 
SAGE050756-703453 is l uminous is the strength of the 
O I AA7774, 8446 triplets (|Mendozalll97ll) . O I AA7774 is 
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Fig. 1. — Red EROS-2 image with the location of SAGE050756-703453 marked. North is up and east is to the left. 



in absorption in SAGE050756-703453, while O I A8446 is 
in emission in both stars. The stre ngth of the O I A8446 
is due to a fluorescence with Ly/3 (|Bowenlll947[ K 

Because SAGE050756-703453 was in a decline when 
the spectrum was taken and many lines are in emis- 
sion, an accurate spec tral type cannot be determined 
(Hernand ez et all [2004). However, the lines in the blue 
are in absorption and show no sign of emission cores. 
The line of He I A4471 is weak or absent, b ut there is a 
significant Ca II K absorption line present (|Finkenzellerl 
1985). Also, the Balmer lines are strongly in absorp- 
tion and there is no sign of the G band. So based 
on these few lines, SA GE050756-703453 is an A star 
(Hernand ez et al.l[20 04). The similarity of the spectrum 
to that of RR Tau and the absorption line strengths in- 
dicate that the best guess spectral type is A2E3- There 
are no atomic or molecular features of carbon so this is 
not a dust producing carbon star. 

The MACHO and EROS-2 lightcurves for 
SAGE050756-703453, shown in Figure 3, cover al- 
most 11 yr. Unlike some other UX Ori stars, the 
SAGE050756-703453 variations do not seem to be 
periodic at le ast over the epoch s covered by EROS-2 
and MACHO (|de Wit et all 120051) . Figure 3 shows that 
the star is at maximum light with only some small 
variations for about 1800 d, followed by two significant 
declines in brightness over 1300 d and then another 800 
d almost constant at maximum. In both the MACHO 
V-R and EROS-2 V-I colors, the star becomes redder as 
it fades. The V-R color increases from 0.4 to 0.5-0.6, and 

10 A Digital Spectral Classificati on Atlas by R. O . Gray, 
http: / / nedwww.ipac.caltech.edu/level5 / Gray/frames. html 



V-I color increases from 0.5 to 0.8-0.9 during brightness 
declines. During the largest decline centered at ~JD 
2451700, where SAGE050756-703453 dropped AV-2 
mag, the V-I color becomes bluer when the star is deep 
in the decline. At first, the color reddens from 0.5 to 0.8 
during the initial fading but then becomes bluer again 
to 0.4 during the last drop to minimum brightness. This 
behavior is often seen in the declines of UX Ori stars 
(| Waters &; Waeikenslll998( ). It is caused by preferential 
scattering of blue light by dust grains around the star 
back into the beam. This effect becomes important 
when the stellar photosphere is obscured during the 
declines. 

At maximum light, the colors of SAGE050756-703453 
from the MACHO and EROS-2 photometry are B- 
V-0.55, V-R-0.4, and V-I-0.5. If it is an A2 star, 
then its intrinsic colors are B-V~0.05, V-R~0.03, and 
V-I~0.07. The observed B-V and V-R colors are then 
consistent with an extinction of Ay ~1.5 mag as- 
suming Ry=3 1 an d a CCM wavelength dependence 
(jCardelli et al.lll989l ). The measured V-I color is too blue 
but this may be due to the very wide non-standard filters 
used by EROS-2. In a deep decline two magnitudes below 
maximum, the measured colors are B-V~0.7, V-R~0.5, 
and V-I^0.8. The B-V and V-R colors are consistent 
with an added extinction of only *~0.5 mag for a total of 
2 mag, so they are much bluer than expected for a to- 
tal extinction of 1.5 + 2 = 3.5 mag. Again the EROS-2 
V-I color is even bluer. Some of this may be due to the 
"blueing" effects of dust scattering or of emission lines. 
The one set of standard UBVI photometry taken dur- 
ing a 2 mag decline gives the color s, B-V=0.72±0.05, U - 
B=-0.27±0.07, V-I= 2.25±0.09 (|Zaritskv et al.ll200l . 
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Fig. 2. — The visible spectrum of SAGE050756-703453 with the prominent emission and absorption lines identified. The spectrum has 
been normalized. 
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This V-I color is very red, what would be expected from 
an extinction of Ay ^4 mag. Since this is only one pho- 
tometric point, it is hard to put it in the context of the 
lightcurve. It does seem to imply that the blueing effect 
is not seen in all declines of SAGE050756-703453. 

SAGE050756-703453 is V-16.5 at maximum. If we 
assume it is a member of the LMC (m-M=18.5) and 
the extinction is Ay =1.5 then My~-3.5. Assuming 
that it is an A2 star (T e //=9000 K) implies that 
R*=21 R Q and M Boi ~- 3.8 (L/L Q -2600). This would 
make SAGE050756- 703453 significantly brighter than 
Luminosity Class III and brighter than typical Galac- 
tic H er big Ae/Be star s of the same effective tempera- 
ture (Tcs ti et al.l [1998). However, there is an indica- 
tion from some Herbig Ae/Be star candidates discov- 
ered so far in the LMC, t hat they are bright er than 
their Galactic counterparts (|de Wit et al.l 12005!) . If t ne 
estimated effective temperature and bolometric luminos- 
ity of SAGE050756-703453 are correct then it may re- 
quire a high protostar accretion rate (~ 1O _4 M yr _1 
(|Palla fc Stahlerl |1993|) . Obviously, if the star were a 
foreground object, then it would be much fainter in- 
trinsically but there are no sites of star formation in 
the Galaxy along the line of sight toward SAGE050756- 
703453 where a Herbig Ae/Be star would be likely to be 
found. The measured radial velocities of the absorption 
lines in the SAGE050756- 703453 spectrum do not show 
a redshift of ^200 km s _1 typical of an LMC member. 
But these lines are partially filled in an unknown amount 
of P-Cygni emission which may account for the lack of 
redshift. It still seems more likely that SAGE050756- 
703453 is a member of the LMC. 

SAGE050756-703453 shows extended Ha emission on 
images obtained for t he Reid-Parker LMC PN survey 
(|Reid fc Parkerll2006 a.b). This is a typical characteristic 
of Herbig Ae/Be stars which excite nearby ISM creat- 
ing an H II region. Even at the distance of the LMC, 
an A star can excite an H II region of arcminute size if 
the gas densities are very low. The Spitzer and Herschel 
images shown in Figure 4 indicate that SAGE050756- 
703453 lies in a complex region of dust emission. How- 
ever, it is clearly a point source at all wavelengths out 
to 500 /im which is consistent with this dust being in a 
ci rcumstellar disk or envelope. 

iNatta et al.l (|1997t) modeled the SEDs of 30 Herbig 
Ae/Be stars, about half of which display the large bright- 
ness variations typical of the UX Ori stars. Eight of the 
stars had measurements of dust continuum emission at 
1.3 mm implying circumstellar dust masses of 10 -3 - 10~ 5 
Mq. Radiative transfer modeling of IR and millimeter 
observations of UX Ori, itself, ass umed the circumst ellar 
dust was in a flat or flared disk (|Natta et al.l Il999h ■ A 
reasonable fit was achiev ed only by including two popu- 
lations of silicate grains (|Draine fc Ledll98l . one with 
a size of 1 /zm to fit the mid-IR, and one with very large 
"pebble" sized (10 cm) grains to fit the near-IR and mil- 
limeter emission. 

The SED of SAGE050756-703453 is plotted in Fig- 
ure 5 using the data from Table 1. We have mod- 
eled the SED using a Monte Carlo radiation transfer 
code including nonisotropic scattering, polarization, and 
thermal emission from dust in a spherical-p olar grid 
(jWhitnev et al.ll2003allbl : iRobitaille et al.ll2006f) . The cir- 
cumstellar geometry consists of a rotationally flattened 



infalling envelope, bipolar cavities, and a flared accre- 
tion disk. The luminosity sources include the central 
star and disk accretion. The best fit model includes a 
disk surrounded by a large diffuse envelope similar to the 
models u sed to fit other LM C YSOs with Herschel pho- 
tometry (ISewilo et al. ll2010). The SAGE050756-703453 
model assumes T e /y=10000 K, R* = 20 R©, and L* = 
3585 L©. The disk parameters (mass = 0.02 M©, r inner 
= 4.36 AU, Touter = 100 AU) are not well constrained 
because the SED is dominated by far-IR emission from 
the envelope. The value of L* = 3585 L Q is the best 
model fit to the SED, but this value is not significantly 
different from the value of 2600 L Q quoted above within 
the inherent uncertainties particularly the amount of ex- 
tinction present in front of the star. To get a good fit 
to the far-IR Herschel bands, the envelope must be very 
large (r inne r = 4.36 AU, r outer = 3 pc) but very low 
density. If there is even a small amount of dust in the 
vicinity of this luminous star, it will be heated even at 
a distance of a few pc. The envelope need not be cir- 
cumstellar, gravitationally-bound material. It could just 
be low-density ambient material from the surrounding 
molecular cloud that is heated both by the internal star 
and the external interstellar radiation field. The den- 
sity of the envelope is so low that SAGE050756-70345 
would still appear as a point source at LMC distances. 
The best model fit implies a bipolar cavity with an open- 
ing angle of 20-40° (half-opening angle from pole) and an 
envelope infall rate of ^2 x 10 -4 M Q yr _1 . In Figure 
5, the green dotted SED fit assumes that the cavity is 
filled with a small amount of dust with a constant den- 
sity profile. But a much better fit (solid green line) is 
provided in the IRAC bands by assuming a r -2 density 
profile. That is consistent with a spherically symmetric 
outflow, i.e., a stellar wind as opposed to a jet which is 
cylindrical and would be closer to a constant density pro- 
file. If this is the case, then the light variations seen in 
Figu re 4 might be caused by new dust condensing in the 
flow (|Kenvon et al.|[l~99lT ) . Evidence for outflowing gas in 
SAGE050756-703453 can be seen in its P-Cygni emission 
line profiles (Figure 2) but no indication of infall is seen. 
However, inverse P-C ygni profiles are gen erally seen only 
near maximum light ((Rodgers et al.ll2002D . But the infall 
rate inferred by this model fits well with the estimated 
absolute bolometric luminosity of SAGE050756- 703453. 

Neither of the LMC UX Ori ca ndidates, SAGE0 5 0756- 
703453 nor ELHC7, appear in the lGruendl fc Chul (2009) 
list of YSO candidates because their IRAC [4.5]-[8.0] 
colors are less than 2.0. However, they appear in the 
iWhitnev et al.l (|2008|) list because different selection cri- 
teria were used. SAGE050756-703453 does have a larger 
near-IR excess (H-K=1.42, J-H=1.60) than ELHC7 (H- 
K=1.03, J -H= 0.61) indicatin g significant warm dust 
is present (|de Wit et al.l I2005D . ELHC7 is detected in 
the IRAC bands, but cannot be seen at longer wave- 
lengths in the MIPS, PACS or SPIRE images. Also, from 
the MACHO photometry, ELHC7 is fainter and bluer, 
V^17.3, V-I^0.2 so it is likely th at it is intrinsicall y 
fainter than SAGE050756-703453 (Ide Wit et al.ll2005l) . 
Its brightness variations have a higher frequency and a 
lower amplitude, and also show evidence for a quasi- 
period of ~190 d. SAGE050756-703453 shows no sign 
of periodic brightness variations. SAGE050756-703453 
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Fig. 3a.— MACHO Lightcurve for SAGE050756-703453. The three panels show V, R, and V-R. The MACHO and EROS-2 lightcurves 
are directly comparable since the range of JD is the same for both plots. 



has shown two significant declines over ~4000 d while 
ELHC7 showed variations of up to ^0.9 mag over a sim- 
ilar timescale. 

4. SUMMARY 

SAGE050756-703453 has all of the characteristics of a 
classic UX Ori star. It has a spectral type of ^A2 and 
has excited an H II region in its vicinity. It shows ir- 
regular drops in brightness of up to 2 mag and displays 
the reddening and "blueing" typical of this class of stars. 
Its spectrum, showing a combination of emission and ab- 
sorption lines, is typical of a UX Ori star that is in a de- 
cline caused by obscuration from the circumstellar disk. 
The star has a strong IR excess and significant emission 
is pre sent out to 500 um similar to that seen in UX Ori, 
itself (jNatta et al.lll999f ). However, fits to the SED indi- 
cate that in addition to the dusty disk which is needed to 
explain the visible light variations, dust in bipolar cav- 
ities and a very large diffuse envelope are required to 
fit the SED at all wavelengths. Like other LMC Herbig 
Ae/Be stars, SAGE050756-703453 is overluminous com- 



pared to their Galactic counterparts. Multi-wavelength 
studies of other LMC PMS stars are needed to determine 
the reasons for the luminosity differences. 
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center at CEA-Saclay, which made this work possible. 
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Fig. 5.— SAGE050756-703453 SED including UBVIJHK, IRAC, MIPS, PACS and SPIRE photometry plotted as triangles. Another 
epoch of UBVR photometry is plotted as diamonds to emphasize that this is a variable object. (See text). The dotted green line is a model 
with constant density in an outflow cavity while the solid green line is a better fitting model with the density proportional to r — 2 . The 
dotted black line is the input A2-typc stellar atmosphere spectrum. 



